On the role of aromatic side chains in the photoactivation of BLUF domains.
BLUF (blue-light sensing using FAD) domain proteins are a novel group of blue-light sensing receptors found in many microorganisms. The role of the aromatic side chains Y21 and W104, which are in close vicinity to the FAD cofactor in the AppA BLUF domain from Rhodobacter sphaeroides, is investigated through the introduction of several amino acid substitutions at these positions. NMR spectroscopy indicated that in the W104F mutant, the local structure of the FAD binding pocket was not significantly perturbed as compared to that of the wild type. Time-resolved fluorescence and absorption spectroscopy was applied to explore the role of Y21 and W104 in AppA BLUF photochemistry. In the Y21 mutants, FADH*-W* radical pairs are transiently formed on a ps time scale and recombine to the ground state on a ns time scale. The W104F mutant shows a spectral evolution similar to that of wild type AppA but with an increased yield of signaling state formation. In the Y21F/W104F double mutant, all light-driven electron-transfer processes are abolished, and the FAD singlet excited-state evolves by intersystem crossing to the triplet state. Our results indicate that two competing light-driven electron-transfer pathways are available in BLUF domains: one productive pathway that involves electron transfer from the tyrosine, which leads to signaling state formation, and one nonproductive electron-transfer pathway from the tryptophan, which leads to deactivation and the effective lowering of the quantum yield of the signaling state formation. Our results are consistent with a photoactivation mechanism for BLUF domains where signaling state formation proceeds via light-driven electron and proton transfer from the conserved tyrosine to FAD, followed by a hydrogen-bond rearrangement and radical-pair recombination.